Abstract. Annual mass treatment with antifilarial drugs is the cornerstone of the global program to eliminate lymphatic filariasis (LF). Although the primary goal of the program is to interrupt transmission of LF, additional public health benefits also are expected because of the known anthelminthic properties of these drugs. Since rapid re-infection with intestinal helminths occurs following treatment, annual de-worming may not be sufficient to produce a lasting reduction in the prevalence and intensity of these infections. We conducted stool examinations in four sentinel communities before and approximately nine months after each of two rounds of mass drug administration (MDA) with diethylcarbamazine and albendazole in the context of an LF elimination program in Leogane, Haiti. At baseline, overall Ascaris, Trichuris, and hookworm infection prevalences were 20.9%, 34.0%, and 11.2%, respectively (n ‫ס‬ 2,716 stools). Nine months after the second MDA, Ascaris, Trichuris and hookworm prevalences had decreased significantly, to 14.1%, 14.6%, and 2.0%, respectively (n ‫ס‬ 814 stools). Infection intensity decreased significantly for all three parasites as well. These results demonstrate that substantial reductions in intestinal helminth infections are associated with mass treatment of filariasis in Haiti and are consistent with the conclusion that high levels of coverage for the LF program can decrease transmission of geohelminths.
INTRODUCTION
The primary purpose of the elimination program for lymphatic filariasis (LF) is to interrupt transmission of the parasite through annual mass treatment with either ivermectin or diethylcarbamazine (DEC), in combination with albendazole. Combination therapy offers important therapeutic advantages to the global program to eliminate lymphatic filariasis, in terms of the additive benefit of two drugs in reducing microfilaremia. [1] [2] [3] The use of two drugs with different mechanisms of action also reduces the likelihood that filarial parasites will develop drug resistance as a consequence of mass treatment.
The drug combinations used for LF also offer important public health benefits through their effects on intestinal helminths. Intestinal helminth infections in children are a leading cause of morbidity and are associated with nutritional deficiency, anemia, growth stunting, and cognitive deficits. 4, 5 Clinical studies done in many countries have shown that children infected with intestinal worms experience height and weight gains following de-worming with mebendazole or albendazole. [6] [7] [8] [9] Although DEC by itself has only a limited impact on intestinal helminths, ivermectin does decrease intestinal worm burdens; thus, drug combinations that include albendazole provide de-worming and nutritional benefit. [10] [11] [12] For Trichuris infections, the additive benefits of albendazole and ivermectin are greater than when either drug is used alone. 10 Mass treatment of filariasis is known to reduce intestinal helminth burdens, at least transiently, but it is not clear whether these reductions can be sustained at the community level.
11,12 Therefore, we investigated the impact of mass treatment with DEC and albendazole on intestinal helminth infections in the context of a mass treatment program for LF in Leogane, Haiti.
MATERIALS AND METHODS
Study setting. The study was conducted in Leogane, Haiti as part of a demonstration project to eliminate LF. Annual mass drug administration (MDA) with DEC (6 mg/kg) and albendazole (400 mg in a single dose) was first conducted in October 2000. The DEC for the program was provided by the World Health Organization (WHO) and albendazole was donated by GlaxoSmithKline (Middlesex, UK). Children less than two years of age and pregnant women were excluded from treatment as per WHO guidelines. At the request of the Ministry of Health, women of child-bearing potential were treated with DEC alone in 2000 and 2001. 13 Sentinel sites. For the Leogane project, we selected four communities (Masson/Mathieu, Barrier Jeudi, Mapou, and Leogane town) as sentinel sites for intensive data collection. These sites represented discrete areas of larger towns or small villages inhabited by 1,000−1,500 persons. Research activities in the sentinel sites were reviewed and approved by the Centers for Disease Control and Prevention and Notre Dame Institutional Review Boards, and the Ethics Committee of Hopital Ste. Croix.
Stool collection. Stools were collected from consenting persons in each of the four sentinel sites in the summer and fall of 2000, before the first MDA. Specimens were collected again nine months after MDA. In 2001, after the first MDA, stool samples were collected from only two of the four sentinel sites (Mapou and Barrier Jeudi) as a cost-saving measure; however, all four sites were sampled in 2002, nine months after the second MDA. At the time that this study was conducted, local schools were not routinely de-worming school children.
Stool processing. Specimen containers were left with families and collected the following morning. After specimens were transported to the laboratory at Hopital Ste. Croix, a measured quantity of stool was preserved in 10% formalin. Samples were concentrated by the formalin-ethyl acetate technique, diluted in 10% formalin to 2 mL, and a measured quantity (50 L) of this concentrated sample was examined for helminth eggs and protozoa as previously described. 10 Egg counts were multiplied by 40 to generate an estimate of the number of eggs per gram.
Data analysis. Poisson regression using Proc Genmod (SAS, Cary, NC) and controlling for the effect of villages was used to calculate adjusted risk ratios of post-treatment prevalence rates relative to a pre-treatment baseline for Ascaris, Trichuris, and hookworm infection. Because the same persons were generally followed over a three-year period, the regression implemented the generalized estimating equations (GEEs) procedure to adjust for the lack of independence between observations. Geometric means of egg per gram prior to and after two years of MDA were calculated on log-transformed data. A value of one was added to each egg count to permit calculation of the logarithm when the egg count was 0. Multivariate linear regression (using the GEE procedure) taking into account the effect of villages and age of patient was used to compare log-transformed egg counts per gram at baseline and two years after MDA. Statistical significance was set at P ‫ס‬ 0.05.
RESULTS
More than 2,700 stools were collected and examined from participating households in the four sentinel sites before the first MDA (Table 1) . In subsequent years, fewer specimens were collected, both as a cost saving measure and to reduce demands on laboratory staff. The population sampled is skewed toward women and girls and the median age decreased slightly from 2000 to 2002.
At baseline, the age specific prevalence of Ascaris and Trichuris was highest in 6−10-year-old children, reaching 35.5% and 47.1%, respectively ( Figure 1A ). Infection levels decreased sharply in adults. In contrast, hookworm prevalence increased gradually and did not vary much with age in adults. The pre-intervention infection prevalence of the intestinal helminths differed significantly by sentinel site (Table 2 ). Infection levels in the two more rural communities, Masson/ Mathieu and Mapou, were higher than in the more urban settings of Barrier Jeudi and Leogane town. Mapou had the highest infection prevalence for each intestinal helminth infection: 37% for Ascaris, 61.6% for Trichuris, and 21% for hookworm. Strongyloides was detected in only five persons; these persons were offered treatment with ivermectin following the MDA. No other helminth infections were detected by stool examination.
Changes in overall infection prevalence before and after the two rounds of MDA are plotted in Figure 2 . Nine months after the first MDA, we observed modest, but significant decreases in Ascaris (P ‫ס‬ 0.027), Trichuris (P ‫ס‬ 0.001), and hookworm prevalence (P < 0.001) among treated persons; however, infection prevalence among untreated persons was unchanged from baseline for each of the helminths (Table 3) . Nine months after the second MDA, significant decreases in prevalence were noted for all three parasites (P < 0.001); decreases in hookworm prevalence were especially striking. Of persons who provided samples in 2002 after the second MDA, only 60 had not been treated in the second MDA. Helminth infection prevalence was lower among these persons, significantly so for Trichuris; however, it is not possible to attribute these reductions in infection prevalence to reduced transmission because some of the persons who did not participate in the second MDA were treated during the first MDA.
The age-specific prevalence nine months after the second MDA is plotted in Figure 1B . Although infection prevalence was lower than at baseline, the pattern was similar. Ascaris and Trichuris infection were most prevalent in children while hookworm infections continued to be most common in adults.
We also analyzed the impact of treatment on the intensity of helminth infections. Most helminth infections were light before treatment. After two rounds of MDA, significant decreases in the intensity of infection were observed for all three parasites ( Table 4) .
As noted in the Materials and Methods, women of childbearing potential were treated with DEC, but not albendazole, for the first two rounds of MDA. All other persons who were eligible for treatment received both drugs. To analyze the effect of the different exclusion criteria on treatment outcome, we considered that women between the ages of 15 and 44 years were of child-bearing potential. A differential outcome was observed following the first round of MDA (Table  5 ). The prevalence of Trichuris infection decreased significantly among children and men, but not among women. Following the second round of MDA, the decrease in Trichuris infection prevalence was comparable for women and children and men.
DISCUSSION
Ultimately, the success of the LF elmination program will be judged by its impact on microfilaria prevalence and intensity. Although the program is still in its infancy, it is clear that mass treatment leads to significant reductions in filarial infection level and in transmission.
14 In Leogane, where DEC and albendazole are used, the program has dramatically reduced microfilaria prevalence in the four sentinel sites (Beau de Rochars M and others, unpublished data). Demonstrating collateral public health benefits, such as reductions in the burden of filarial disease or intestinal helminth infections, is also important for building political and social support for the LF elimination effort. Here, we present the first evidence that MDA for lymphatic filariasis also led to significant and sustained reductions in Ascaris, Trichuris, and hookworm prevalence at the population level.
After two cycles of MDA, Ascaris, Trichuris and hookworm prevalences in the four sentinel sites were reduced by 24.9%, 55.3%, and 82.1%, respectively (Figure 2 ). Comparable or greater decreases in infection intensity also occurred (Table 4) . Decreases were noted in all age groups ( Figure 1 ) and in both urban and rural settings. We did not quantify the nutritional benefit of DEC-albendazole treatment as part of this study; however, in our previous studies of school children in Haiti with similar intestinal parasite burdens, we observed increased height and weight gains following treatment (Beach MJ and others, unpublished data). 10 This experience leads us to conclude that children who participated in the MDA were likely to have experienced a period of increased growth as a result of treatment. The de-worming effect of treatment of filariasis is perceived as a benefit by people in the community and serves as an important factor in promoting compliance. Knowledge, attitude and perception surveys and anecdotal reports suggest that this contributes to the acceptance of the program (Streit TG and others, unpublished data). To date, these de-worming benefits of treatment have not been emphasized as part of our social mobilization strategy, in part, because of our concerns that once a year treatment might not produce a long-term reduction in intestinal helminth infection. The results of the present study lead us to conclude that increased emphasis on de-worming is appropriate and would benefit the LF program in Haiti and elsewhere.
It is important to recognize that the reductions in helminth infection that we detected in the sentinel sites are likely to be somewhat greater than those that we would have observed in the community at-large. The MDA coverage in the sentinel sites was higher than in the commune overall (78% versus 73% for year 1 and 88% versus 52% for year 2) and this may limit the generalizability of our results. 15 In addition, persons who provided stool specimens are more compliant than other persons in the community. Conversely, the reduction in helminth infection that we did observe would have been greater if women had received albendazole as part of the first two years of MDA in 2000 and 2001. When the protocol for the filariasis project was developed initially, the Ministry of Health and Population requested that we exclude women of child-bearing potential from albendazole treatment. This recommendation was based on their concern that women in Leogane would not be able to reliably answer questions regarding pregnancy and the date of their last menstrual periods. Consequently, women of child-bearing potential received DEC, but not albendazole, for the first two years of the MDA. As a result of this policy, the prevalence of Trichuris infection did not decrease as much for women as it did for children and for men following the first round of MDA ( Table 5 ). Our sample size was not large enough to detect a difference in outcome for either Ascaris or hookworm infection. In any event, women did not receive the direct benefits of albendazole treatment. This is a public health concern, especially in communities where hookworm is common because of the association between hookworm infection and maternal anemia and low birth weight. 16, 17 It is important to note that the Haitian Ministry of Health and Population approved a change in exclusion criteria, prior to the third MDA, to permit non-pregnant women of child-bearing age to receive albendazole.
Current efforts to control intestinal helminth infection through mass treatment largely are focused on chemotherapy targeted to specific risk groups, e.g., school children. Although it is clear that school-based de-worming programs can reduce the morbidity of helminth infections in children, the indirect benefits of this targeted treatment to younger children and adults who reside in the community but are untreated may be limited, depending on the proportion of infected persons who are treated. 18, 19 As the proportion of treated persons increases, untreated persons begin to benefit through a reduction in transmission intensity and decreased infection. 20, 21 Our study was not designed to address this question; however, it is interesting that the decline in Trichuris infection prevalence in women following two rounds of 
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MDA was comparable to that of children and men, despite the fact that women did not receive albendazole (Table 5) . This observation supports the conclusion that transmission of intestinal helminth infections did decrease and that even untreated persons derived benefit from MDA. In addition, it is clear that treatment targeted to school children, at least in Haiti, would miss populations that would benefit from treatment. Hookworm infections in particular, are more prevalent in adults than young children. Pre-school-age children also have substantial levels of Ascaris and Trichuris infection. In the Haitian context where school attendance is not universal, a significant proportion of school-age children also would be missed by school-based de-worming programs. Since LF programs are based on mass treatment, all age groups are expected to benefit from MDA regimens that include albendazole.
In conclusion, lymphatic filariasis elimination programs provide important collateral benefits through the reduction of intestinal helminth burdens. Because DEC has only a limited effect on intestinal parasites, greater health benefits are expected where albendazole is combined with ivermectin rather than DEC. To increase compliance as the LF program grows in Haiti and elsewhere, health educational messages should place greater emphasis on the de-worming benefits of the program.
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